Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-356760 
(43)Date of publication of application : 26.12.2000 



(51)lnt.CI. 



G02F 1/09 
H04B 10/02 
H04B 10/18 



(21) Application number: 11-167635 

(22) Date of filing: 15.06.1999 



(71) Applicant : KDD CORP 

(72) lnventor : TANAKA HIDEAKI 

USAMI MASASHI 
TANAKA SHINSUKE 



(54) POLARIZED WAVE MODE DISPERSION COMPENSATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate the 
polarized wave mode dispersion of an input signal light 
by adapting to the state of the polarization of the signal 
light. 

SOLUTION: A signal light from an optical transmission 
line is inputted to as polarization converting device 12 by 
propagating an optical fiber 10. The device 12 converts 
the input light having an arbitrary polarized wave into 
linearly polarized waves having a prescribed angle by 
the quater-wave plate between two Faraday rotators. 
The output light of the device 12 inputs to a polarizing 
beam splitter 16 by propagating through an optical fiber 
14. The beam splitter 16 outputs one side (for example, 
a TE component) of two orthogonal polarized wave 
components (for example, TE and TM components) from the fiber 14 to an optical fiber 18. A 
part of the light propagating through the fiber 18 is branched by an optical coupler 22 to be 
made incfdeht oh a licfhT receiving element 24. A band-pass filte'r^BPFJ^e- extr-aetS'the-elQek 
component of the signal from the output of the element 24. A control circuit 28 controls the 
angle of the polarized wave of the output light by the device 12 so that output of the BPF 26 
becomes the maximum according to the output of the filter 26. 
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8) $:ISjtm8-LT\ IgSWflKfc'ttEJteBfjS-fc*. 

;;th as±. ^iw«asjfiH3 2Ji. 

*«64<Ofii&7 0K#ii&$-ti*:k-f&. 1/48HHS 
3 4tt. ffi!S7 0cOOa?rSiHi»t^6 3k* J F{i» 
«>jA6 5%«km&'t>'C>C9 0* El*g$-e-. #oS6 6± 
<OffiS7 2(^S6$^6. -tLT. SB2(0ffliSSmil3 
614. #>I6 6±<DfiiiS7 2«D{S&£. #®6 6±-Cfi)r 
SOftS?tWI6$-ti-|.wkA { -Ct, fitE7 4 

izwmitz. mmt. ms6 8*^. fits 

7 0. 7 2£l£TfitS7 2(;:#&rt*>. £*>J:3l:l, 

t> im&m<m$®.mm. 1 2t±, Biraoffl&«®o 

. flE8«ft«OlHMi«Wca£«W 6 v k WX'$ h . 
[00393 7T7T-lsie : f : 4 0, 50k3-f/M 
2, 5 2*>^S«S5tci«.TO^cOJE^i$Slil 
OOkHzmESTfcSOT', 10 5'J^<J:Oa^®!S« 
JiSoS'fk^ i>ftttiz&\^< zt.ti i X'$$>. 

[00401 JjaWfcWCJi. JiSSmS 1 2COIU7J 

<tafc. «»SJ^SS12SrfHtWt-C<>ftv^ 
[004 1 3 ±ieHMCFi|T'<i. B P F 2 614. ft^O? 

PF26c0ffla«K,^ifi»*5GHzkUTtJ:v^ 
[00423 *Hifi^T{4, ■spjpSL-Cfflfiic-t'* 

[004 3 3 <I^3gmgigl2»±. XTy*U&±cr>B: 
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7 t 5 T-m^4 0.50 tzSOfZ k OTS ZWi 

^mvhb. lot, {i&oiii^fii^rist^'), xt 
«&*-F#i&£«<res*<£&. 

[0044] 04 Ji. ^7^U«±5-^t»llJS«J:^ 

j: 5 %m&&izi>mmm*wi 

[ 0 0 4 5 ] 04 (£K?^ffl«>fJlJ£J:fMteKgi-r 
6. A*tf-M 1 0*^3 

dB3t*-/T7l 12tA7JL. ZZV2&mzftffl2 
ilh. 3 d Bj£# y7y 1 1 2-C##J3*ut2o<*)fI^ 
ftli. -m-fft. *7r-fAl 14a. 114bS-giS 
l/CfflaSS&SSE 1 16a. 1 16bKAI*t&. fflift 
£&g!Sll6a, 1 16b»iHi!fe£iftgiSl2fc£< 

[0046] ffli££&gSl 1 6a. 116b»cJ:9e 
tt«*KSMS*ifcfl»*tt. *7r4><118a, 1 
18b*g»l/Cfl6fctf-A.*7 , y-y5'120a. 12 

0 b £A7J^S . mX-J*X7 'J "v * 1 2 0 a . 12 
0b«i» 3K7r-fAl 18a. 1 1 8b*>4,W3tS: 2o 
«HSXT*fl»«lft4»' (flitf. TEfcTM) K*»U 
-H Mitt. TE«#) **7r-fA122a. 12 
2bfcffi7rf*». sWdtWCfc, flBtt-A^ry 
12 0a. 120 bli s ^*l6]^i3fefi£^5:»aj-rS 

[004 7] #77-4 Al 2 2a. 1 2 2 bifflfcth 
%.<D\lkA,}ilt. ZtlftiytX* -yf-1 24<7)2-7<7)A 
fitf-McAfrfS. 3t*-f -y?-l 2 4Ji. 2o<7)A7J 
h O-^<0A^3t^S« L , fl^<lffl<05?3fc&T 

1 2 6 S . R*** 1 2 6liA*5feS:^Stfi^ 

[0048] #774^1 22a, 122b$rg«Sf& 
jfcoSOte. 5£#"/7*7l2 8a. 1 2 8 b fcj: 0 
**VCS***13 0a. 1 3 0btAltf4. BPF 
132a. 132b«. B P F 2 6fc mg(C. Sftg? 
130a. 1 30b<oaj^*»<o<I#<07a-y^(£^5rl4. 
ifrf&. MMBMH 34a. 134bUt*i?ft.. BP 
F132a, 1 32b<oatfJfcftV\ BPF1 32a. 
1 3 2 b<Dtf};M<&*C&S J: ? 1 1 6 

a. i \&Mz&hmi}m>wmfi&%m&-h., 

[0049] «a^lfigail6a. S3t 

ig^OOa. BPF1 32aSt;$i]ffll@S8l 34aA> 
fc***»*--F4MIMWU&, S«33ftgSl 16b. 
g3fc5g?l 30b. BPF1 3 2batXS]ffill2)»l 34 



Aftt«. *«2o0flfltilUJ£tM=Ifcfe(cBll3i*? 
fltfS. ftX4v+l 2 4#. 2oco&&«9(I& ; fc-F 

[0050] £x-f -y^- 1 2 4«0raMS*ttfc* Lfcv* 
SWWWtfi U>. Hilf, vf-l 24 

HKC 1 / 2 i£lll8£#A WrUM***** . 

[0051 1SH8S881 34a. 134b(*»BPFl 
3 2 a. 1 3 2b<oatfJ«Stfc{IfcS38£Sl 16 
a . 1 1 6 b^ffiSSmSS^Wi 0 1 . fli&353a2IS 1 
16a. 116 b^SBi&tggW** H*±T' 1 ffifel 
Jbtfc^J: d4BIW8S««ilM*flBW4ttff*-H 

<«M»fc*-F> t. IS&mglco^IiOt., BPF 
13 2a. 1 3 2b<r>iHMzZtt:mm^^mi 1 6 
a . 1 1 6 bOlM&ma^JSPfctSft-rSSSf^e- F 

SlfflESl 34a. 1 34bte, flifc&mg&l 1 6 
a. 1 16b^Og^a«<8£Jffl?:!8i£i:, **>ffi 

samsss-o <xi*. «w«EHrt««aT*-5T. *r 

— F LT\ BPF 13 2a, 1 3 2 bc0itS7JtfAS <=3r 
S^AfcflRfcSIAgg 116a. 116 b(7)WmZt 
MOT*, flfefr. fiftft**-HTtt» «»H»1 3 4. 
a. 1 3 4 b«. (f^^gilggl 1 6 a. 1 1 6 b>\<0 

saraa^niiHfittf ^.-c t> . * b p f i 3 2 
a . i32b (Dfttitfjzz < *i irwzMiuaaam 1 

16a. 116 bOraWBSteffittURItt kftte, X 
-f yftWEIIIl 3 6tclBiW|g5* { «$!J<i$ri6Si^§Sr 

[00 52] ^-f-yf-SWJPEIS&l 3 6«. «M9»1 3 
4a, 1 3 4bOlMFE-F£tt0i-f *X-f 
•y^-12 4co«0§i5:*lW6. ^(W9(Z»i. ^ 
f-©J8PlH]S5 1 3 6mafl$!S5gi UT. 1 
34a <Xttl34b) Srafeftjtt-FT»flsS*, 
m<r>$mm l 3 A b (Xli l 3 4 a ) 5r^J®5fe^ 
-FT»fl«S*fti:*K, -/f-1 2 4tC*tLT 
ti, *7r-f/<l 22a (X\t\ 2 2 b ) 0>4><OA7J3fc 
tWOKl 34 a (XliHl 34b) 

a. oi^SMsai 1 6 a (xii ii6b> mama 

£ , -C-^SJffllcrafc^rB P F 1 3 2 a ( Xli 13 2 
b> «ai**«7c*<*4J:3fc«»L. ®I®@K1 34 
b (X\m\ 34a) tt, ffi«C^Hai l 6b (X<i 

1 16a) Oi^lttSSSrBPF 132b (X(il32 
a) <J5!B*jW**<«r&J:3t«WLoofc. BOWS 

2 4 ##7 r 4 A 1 2 2 a A^AflftfcSft-t S>*> 
T. ««Sm^S 1 1 6 a (XMt 1 1 6 b ) T'SiSt- 
F^tt5r«fflS^fi^*<. 2 6^A9ff 
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h. 

[0053]^.^ v&swm 1 3 eit. wmrnm i 3 
4 a (x<i 1 3 4 b ) ^mwmmmmmmt^ 
*m-mm%.\mzt. %n v*i 24fc#7-M 

1 2 2 b (Xli 1 2 2 a ) *>4><OA:>J3fc£ai!ff$tf£ 
i&lc. ^I®@»l34b (J3«il34a) SrilttfiBfc 
*-KTttfMJ1t. WES 134a (Xttl34b) 

t«wwk(«i». ai^-rsiEi&mcssrotcii-fe-yh) 

[0054] £<0j: *J«OTCIi, ffi£^B&£« 

»«T«aiWKlW , »W«[*JBiTLJi-»Tfc. W&fc^ 
3(6 tiWSr < gftSI? 1 2 6 tC#*S L«t* Z k 

* { -C'S&. flMSBABSl 1 6a. 1 1 6bO?gamSS 
jWiSMterSitt. BPF 1 32a, 132b<0ffi2> 
< ft* tfflWWWLWt* 1 . ^MmSl*& 

■es*. 

[00 551 *3t»WCU:. ftXA v+l 24li. 

7»y f-^A9a»*»4,«r*#i*itaiAaw)+iac 1 / 

2ttft«£AilTaHB*fl:Lfc«X'f <y?*fcftft. 2 
o^h-^S:fflS«3«ifc»fcli, }t*4-/*12 4fc: 

[00 56] fflU flBKt-A^rU 7^120at* 
y f- 1 2 4 <0H. ZMfllftt'-AxrU -/ 9 1 2 0 
bt^-f yf-l 2 4<0!3S:Si««^T-flJj£U 
-yf-1 2 4t:ASff^<7>ffi»[^|6]$ri:vMcSX$^ 

rami, 3t-uyh7axb-?#£tftu. ceo 

[00 5 7] Cl<7)J:3fc, B4(^mt0«i. tfrv 
* MjLtfcflMli 05 «t a <r*»*- F4MR*«£fc *3fe 

[0058] BPF2 6<0l§^i:|5l«C. BPF1 32 
a. 1 32bli, 9*»JW«Btt>6. ?o<y?ft 

£<ft>>\ ^SJtKftO^-fvn 
[ 0 0 5 9 ] 0 5 li. #?H8W$3SS&0M8B&fl|j£7' 

f-AX7-'J»/^16. 120a. 120b-CBf£*HJ 

##>h£<ft9, 3-ttfclBD^*«^#a**:S<ft* 



fc5r«B*Wi. £«>J:dft*«£i>J«?rs*. 

[0060] Bs^tmwm&km&imi- 

*. 5KfiBUM k ^^S#Xtt. A^-S2 1 0*>*>ft 
7T-f/N*2 12^A^L. #7-MX212«:e»l/C 
(B&S8S&&2 1 4fcA2rf-&. «8®lSSia2 1 4tt 

rasssaasg i2t±<® unuupt,* o . 

tm.2 vw&mmzE&iitiKm^xit, %~? 

1 6€:®tUTflBlfitr-Axry v^218(C 
TJjf £. HJtf-A^r'J 7^21 8tt. #7 7^' 
2 1 6a^<D3fe£2O0K£-f <0Ulf> T 

EfcTM) fctftftU TEfifcfr) *#7 

T'fA2 2 0tC. AS* <«i». TMfiWH *3tt7r-f 
A2 2 2fcatfjt*. 

I006 1]3t7r-f A22 0*fiaW**««k^ 
Ji. yf-2 2 4 Sr^LTfi^ftfflcOS5t^?-2 

2 6CAStt**<. tOJlOtt. %*<y7?2 2 8£J: 
0^SnTS3t^2 3 0(CAW^5. BPF2 3 2 

BPF2 6i:R«fc:. St^^F 2 3 0<oatfJ*>4,ff 

[006 2] R«tC, 3fc7-MA2 2 2££ashr&3fr0 
«t ^fftt. 3tx-f -7^-2 2 4 5r^LTfi^5fiffl<0S 
3t^ : F2 2 6^ASN-&A { , *O»0«s 3fe*-/7*52 

3 4K:J:0^»$flTS3e^ ; ?2 3 6(CA&tr5. BP 
P238U. BPF2 3 2ilSiat. S3E^2 3 6<7) 

[0 06 3] it«tls]8824 0{i» BPF232. 238 

tc, BPF232oa5^t:J:Sffli&$i]ffili:BPF23 8 

n&DizxhmmftWbimmi.*,. BPF232. 

2 380ffiAlii^ *#l«l^-f-yf-2 4 2«aBR» 
£242a. 24 2btc9JSD$itl.. ^.-f -/f-2420 
^iiS^i2 4 2 cttig]1S!08S24 4<0A*C««W l». 

-y^2 4 2«i. it«S8!24 O0>JtMMM(cf!vi. 
BPF 2 3 2X(iH2 3 80>tt:4*aftL-CIMI9H2 

4 4KEKDirrs. 

[0064]tlWgK244it. X-Y vf-24 2<0«ffl 
SbA24 2c^Ofl|^(cfi£V\ *«flW/"<^WIW: 

e<r* j: d*. «ja^msiS2 1 4\zmhmms& 
®m$@m.2 \A\semfh. Qm®&2 4 

4li£fc, Jt®OS82 4 0eJ:.|.X'f yf-2 4 2<0«J I ? 
V^.(Cftv\ BPF2 3 2X(4|5I2 38oati> l )S-a^:t; 
f*«MW»ff*y-ferh-r*. X>f-/f-2 4 2«O(J)0§ 
itci 0MWIB2 4 4 <o*]ffi)® ^<0il^tt**8R^ix ^ 
*»^»*. •yf-242cO^0#i<Ci->Tt>^jft 

£s&£E2 1 4tw*sAsiiii^Biirri 
*«^ti*. coiiftwwttftwy-tvMi^ST* 

[00651 HRWICU, Jt®@8S240fi, BPF 2 

3 2. 2 3 80dl^5rlti!2L. -f-cOA'Hc^tT. 
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•y?-2 4 27fc*<f v 1-22 Aim® Ih. tthh. 
B P F 2 3 ZWft-hm P F 2 3 8<DHV)J: OAS v%fc 
JtSS0K2 4Oli. ;M-/*2 4 2fcBPF2 
3 2<oaj*j£ilSiR$ii-. jS»*C B P F 2 3 8<0ffiAA<B 
PF232C0tU^i'?^V^&Wi» JM-/f-242 

t b p f 2 3 8<7)&j) zmm . 

(00 6 6) BPF23 2<oa5^t«):S<@^iffllt. B 
PF238OTffi^(CJ:.6 iffiftfflflP k(W)®l fctt t X 

24 2#li$8C<fl9§fcSOiHfcihT'&6. 0Utf. B 
P F 2 3 2«ai** { B P F 2 3 ScoSWjJ: 

B P F 2 3 80Jil^ J: ») AS < frS^rSjfcfflWNc 
^tfS^tcli. it®0J&24Ott. BPF232<0 
m^^BPF2 3 8<oai^«t , }0rSiiWJb. 
fcfctC:, ^-f -yf-24 2{CBPF2 3 2«0ai^«rS« 
Zlth. BPF232. 2 3 S^a^^t*^^^ 
JtfK0S&2 4Oli, BPF2 38<7)aJ:ft«* 
BPF2 3 2(OtH^X0fm&Xt, *$<Z-yt:t$ 
IZ, ^y9-24 2(CBPP2380>HiA»S^^ 

[00 67] Jtt20SS24Olia*:, •y^2 4 2«D 
WO^itC^L-T. %X4 v*224t:m®Lb. 
t%b*>. it®HIB240»S. ^-f-yf-242tCBPF 
2 3 2«Dtfi;&$TiaiR3-eafc$£tt. ft;W«y?-224 
(C3fe7T'fA2 2 0A»£><OA7J#£2aK?-t*\ X 
-f -yf-2 4 213B P F 2 3 8<7>&J]$:M1RZlkh b 
te, 3t*-f -y^2 2 4tC:ft7T-fA2 2 2A>t,<0A;tofc 

[0 0 68] ^2 2 4(i. -*~mV1-VJ*& 

S^O;fr|6]11IS£?S<7>+fac l/2ayi1g$:t¥A-f 

Jfi^ti»lSC, 5fc77"fA220. 2225rtliS»^7 
t4 Afc L. 3t^^f y^-2 2 4CA9fr6 2o<7>3fc£5: 

t&V^. jfcx-f yf-2 2 4l;i. MftJtO 

t o o 6 9 ] ii 5 fcjjfctaaafrctt . 3eEaw<ottHM» 

fittfflR ii^Ltl. £ 

ft* < OH**- KftttOMflt fr^T'S & . 
[0070] 05*=*tSUt«Tt. BPF232. 2 

»tmstixi izixt&w flU 

9. ^SJgC&O^^. 0U»f. BPF232. 23 
8 «^fiiS«P't^aS: 5 G H z LT t J: \\ 
[007 1]H6{i. miZ7i?tmmi:®SI,Z7fi-f& 



^^£&20<^»*-F#J5tti§fB&A. B£&(® 
U «4fHBi&A. B«, B5fcJft*3B*WfcH«fc, £ 

#ss:£*fHrr&. zvxiizWfS.-tizbT'. mm 

h. 

[ 0 0 7 2 ] 06 {^-tHiSP!lWl8fi£fcSS^2:il B /l-r 
6. ftfraSffiA^W^Ii. A;*J*-b3 1 0**4,3 
dB3lW /r73 12(cA?JL- Z.ZX'2%UA. BlZ 
ftm$tlh. 3dB3t*-/T93 1 2Z-m\Z1Xtz2^ 
<Trii*mt. *tl?tl, %yr-i A3 14 a. 314b 
£<5&l/Cif!!fc£J9£a3 1 6a. 3l6b£ASt-f 
S. [I&S8I£S3 16a. 31 6 bitmiSlgmiWL 1 . 
2. 116a. 1 16bfc£<|^tfSl£*>f>&9, AS* 

%nmmmm<on&com%ffitiLtz%8[th . 

[0073] ®82£&§)SS3 16a(:J: 9BttlRtt(c£ 

•J-y*3 2 0att. 3£7y 4 A3 1 8a*^<?53t$r 20 
<Ol3ct-S(iSEfi£^ (fi^i-Jf. TEtTM) K#&U 
— » (^itf, TEK») Sr3K7r^^*3 2 2atC, fflj 
^(MiJf. TMM) 5-3t7rWA3 2 4aHai7J-r 
S. 

[ 0 0 7 4 ] r>f /<3 2 2 a $^{5firrS7e<0^2i:^ 
fc'li, jt^'f yf-3 2 6a^LT5t^^ yf-3 28W 
-^-■K-KtiASttS^, *<98e9li, %.*v77 3 
3 0 a{Ci Otf&SiVtgft^S 3 2 a{CAIfT-l». 
BPF3 34ali. BPF2 6, 1 3 2 a b mmz^ g 
3 3 2 a<0!ti7)A^fi^^n-/^fie^$-tttJl^- 

[ 0 0 7 5 ] |S|«tC, K7T4><.3 2A3.mmh% 
MlbAsbli. -, + 3 2baZ1tLX%A4 

3 2 8<mu^-hizmt^. -eoaoii. 5t^ 

775 3 3 6 ate «k "J^WSifC JBaW- 3 3 8 aKA 
ifTS. BPF340ali, BPF232. 238fcl§I 
S3t^3 3 8a^tli**>f>fi^^o-y^BE^ 

[007 6] SJffillsIS3 4 2ali. 
ftH8SJS824 0. ^'f •v+2 4 2Si.VM®®m4 4<r> 

m&t&iisth. mmmm4 2aimirz. mmi 

34a. 134 bfcj||t: , HXIiUMR 

-f / ^Jffll®!»3 4 4 & . 

[007 7] Oh. A3Rtt«ttl«l:»flsta9!Lfcj*«. 

a' 5r' b' tSSASiiCkT-. 



(?ll))00-356760 (P20O0-3 5u58 



(0 0 78] Z4 •yf-MfflllHlffi3 4 4Ji. jltsf&Sfrfc- 

88342a. 3 4 2 bicffiiitf*. X4 •v+mWi&m 
4 4li. $0(9I3»34 2a. 34 2 bRVftxJ -/^3 

b. ip*>» Ammm-vttfmmm&ytAJ -/ 

f-3 2 8t'iMIR-f hi$r£lZ\t. %XA •/ f-3 2 8fC5fc* 
4 7^-3 2 6 a*^<om^3t$:S!RS-tf» £]ffi»3 4 
2a£JIft&Jfc*:-F-C'i&f£$ii\ £HSI[s]S&3 4 2 b£ 
^]®ft*-KT'ifrft$ii-S. A^T-^«3Em^S3 

1 6 a K3tt*ffii&mSS*< ; trT>'#U«±T- 1 ffi&iX 
Xlt^tztZlZtt. ^^ yf-0]»lH]883 4 4»i, #X 
4 -y f-3 2 8tC3fcX>f /f-3 2 6 b*>t,tf)fi^7fc£StR 
Stir, #JMh!8&3 4 2 afclJjmtfc^TSSJfiyfc*- 
KT»fl!8 . M8HS»ft 3 4 2b £ii<*f25fcfc- HTSS 

[0079] %X4 yf-3 2 8TiSiK$itf:fS#7fett§ 
WmM&m* 34 6 CASff S . 3 4 6 

ttxth. S3es^3 4 6com^ii, sasBUXMRtft 

[0080] y?-326a, 326b. 328 
tt, -*7T£V*V&®m<0l;m&'&/s<0*®tZl 
/2»£t££J?A^i>CfcT1sffM:L£3fc*'r 

W»U 9&mmtmVUZ. %7t4*32 
2a. 322b. 324a. 3 24b?H@8fc«ft7"M 
A'tL, JtX-Yyf-326a, 3 2 6 btcAlt^S 2o 

-ftfiktZW ft;Wy*3 2 6a, 

32 6bli, jmit^ffiV^yij'Jf-^^SSSO* 

[0081] ckojcoc mtz*rmwiit. B4& 
±«w«xft i/c t vtomwm tmz. z t # 

X%h. 

[0082] ftyU-yf-l 24. 224, 326a. 3 
26b. 3 28fcLrx7j-rKUf-^A«&S8SrfflV^ 

[0083] 04 2M/06 iZTTCf SBtWTIi. 2mt£co 
6. 

[0084] H6C*rSBt«Cfc. 5fctf)&Hl&0«fcl§! 



SIC BPF334a. 334b. 340a. 340b 

ttaw-*j:*ci/cfcftn. fit. *s#£<*9. * 

SBfcfcfc 1 )*-**!. Witf. BPF334a. 334 
b, 340a. 34 0bOiiiS4"C^«aS«r5GHrt 

[0085] 04. 05&tf06tc*c^SSg0iJTIi, * 
*4»/f-124. 2 24. 3 2 8-C®*3t*aWlLfctt 
RSX$?12 6. 226. 34 6 

£ d ££E U^^05Wl8Bg1S«rD >y 7®*ncf, 0 

[0086] SjfcSS^l 40a. 1 4 0 bli*ivWl. 
#7r<f/<12 2a. 1 22 b*60(l*%*WMI* 
KSSfiU #**lfc1WU»«:««*<f vf- 1 4 20J5<] 
*<7>Wm&zmth. tBSU-f v*14 214, *<T 

JBR^l 4 0 aXteR 1 4 0 b«DtWj£SS!RUT, ftS 

[ 0 0 8 7 ] 01 teiifr*WWWcHBILT»ftLfcJ: o 
HZ* 07 ttj^UDftTtt. g#5g?14 0a. 14 0b 
09a5*l£BPF132a. 1 3 2 bfct>t*J&-f SJ: 5 
•fiitT. toWH 2 2a. 1 2 2baiXg3t§g ; fl 

28a, 1 2 8b$r*s&T-?S. 05at/06(c^rfH 

tmiztitxit. -ii<r>m&to\izmhtommf% 

[0088] 07 fciR-fHttWrtt. iSSStfDJ^-f •/ f- 
1 24. 2 24. 3 2&*-S>mtLtc^t\->*>mMtfb 

h. 

[0089] 

[»^»«] «±OK"l»»4*IMaiJirc>*J:3 

usT'^s. wc«. mm^-vtomma.&Mimo 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t fo e worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] More specifically, this invention relates to the equipment with which the 
polarization mode dispersion which may be produced in signal light in an optical transmission line is 
compensated about a polarization mode dispersion compensator. 
[0002] 

[Description of the Prior Art] It is expanding to not knowing that the need of transmission capacity stops 
with the spread of the Internet. Optic fiber communication is suitable for mass transmission. The 
wavelength multiplex transmission system which transmits the signal light from which wavelength 
differs with one optical fiber can be adopted, the number of wavelength can be increased, and 
transmission capacity can be increased comparatively easily by gathering the modulation rate of the 
signal light of each wavelength. In order to improve receiving sensibility, when wavelength multiplex 
transmission is performed, in order to reduce a mutual phase modulation, it is becoming in use that 
return two zero (RZ) use for signal light. 

[0003] Although an optical fiber is the symmetry of revolution to the medial axis (medial axis of a fiber) 
of a core ideally, the amount of wavelength dispersion of signal light changes in the include-angle 
direction centering on the medial axis of a core with few asymmetry produced from fluctuation of a 
production process. This brings about the so-called polarization mode dispersion. If the modulation rate 
of signal light exceeds 5Gbit(s)/a second, as shown in drawing 8 , RZ signal will separate into two 
polarization components (so-called TE component and so-called TM component) which intersect 
perpendicularly on a time-axis by polarization mode dispersion. This produces a digital error in the 
reception of a receiving side. The time interval of the separated orthogonal component is disorderly 
changed in time generally, although it is dependent on the condition of an optical transmission line. 
[0004] A means to compensate this kind of polarization mode dispersion for example OFC99IOOC [ / 
else / Roy / Fabian ] () [ OFC(Optical Fiber Communication) and the International Conference - 
Integrated ] Optics and Optical Fiber Communicationz (IOOC), TuS 4-1, and pp. 275-278, 
0FO99I00C [ / else / Ooi / Hiroki ] () [ OFC(Optical FiberCommunicatoin) and the International 
Conference - Integrated ] Optics and Optical Fiber It is indicated by Communicationz(IOOC) WE 5-1. 
[0005] The polarization controller from which the conventional polarization mode dispersion 
compensator changes the signal light from an optical transmission line into two polarization which 
intersects perpendicularly fundamentally, The polarization mode dispersion compensation component 
which gives fixed time difference to the output light between the polarization components of the 2-way 
which intersects perpendicularly, Output luminous intensity or degree of polarization Degree of a 
polarization maintenance fiber of Polarization (DOP) is measured and it consists of a measuring 
instrument which controls the polarization controlled variable or angle of rotation by the polarization 
controller so that a measurement result becomes max. DOP is measured by the former reference. By the 
latter reference, a clock component with a frequency [ of the one half of opposite Perilla frutescens (L.) 
Britton var. crispa (Thunb.) Decne. ] of 20GHz is measured in the NRZ signal light of 40 Gbits/s. 
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[0006] A polarization controller consists of structure which has arranged serially the quarter-wave 
length plate and 1/2 wavelength plate, and a measuring instrument rotates both wavelength plates 
mechanically centering on an optical axis according to a measurement result. Thereby, the polarization 
of incident light is changed into a linearly polarized wave. Generally a polarization maintenance fiber is 
used for a polarization distribution compensation component. A polarization maintenance fiber has the 
slow shaft and first shaft which intersect perpendicularly mutually, and wavelength dispersion differs 
between the two shafts. Consequently, since the velocity of propagation of signal light will differ 
between two shafts, a polarization maintenance fiber can give the polarization mode dispersion of the 
amount according to the velocity-of-propagation difference and die length between that shaft. In the 
conventional example, feedback control of the polarization controller is carried out so that the optical 
reinforcement of the output light of a polarization maintenance fiber or DOP may become max. This 
cancels the time difference between the rectangular direction components given in the optical 
transmission line with a polarization maintenance fiber, and polarization mode dispersion can be 
compensated. 
[0007] 

[Problem(s) to be Solved by the Invention] Also at the lowest on the usual long-distance optical -fiber- 
transmission way, the polarization of signal light changes in several 10m second. However, since the 
response of a mechanical polarization controller is a second unit, the conventional polarization mode 
dispersion compensator cannot be followed at change of quick polarization. 

[0008] Moreover, since a mechanical polarization controller is used in the conventional example, it is 
difficult to use it for a long period of time, continuing. It is unreliable if it puts in another way. 
[0009] Furthermore, with conventional equipment, since the polarization maintenance fiber with the 
fixed amount of polarization mode dispersion compensation was used, when signal light only with slight 
polarization mode dispersion inputs, for example, polarization mode dispersion will be given 
conversely. This increases a digital error. 

[0010] This invention is adapted for the polarization condition of input signal light, and aims at showing 
the polarization mode dispersion compensator with which the polarization mode dispersion is 
compensated. 

[001 1] This invention aims at showing the polarization mode dispersion compensator with which the 
polarization mode dispersion of the larger range can be compensated. 

[0012] This invention cancels such un-arranging again, and it aims at showing the polarization mode 
dispersion compensator which can answer more quickly. 

[0013] This invention aims at showing the polarization mode dispersion compensator with which 
automatic adaptation is carried out and the polarization condition of input signal light can be 
compensated for polarization mode dispersion again. 

[0014] This invention aims at showing further the polarization mode dispersion compensator which can 

hold high dependability over a long period of time. 

[0015] 

[Means for Solving the Problem] The polarization inverter which the polarization mode dispersion 
compensator concerning this invention is equipment with which the polarization mode dispersion of 
input signal light is compensated, and changes the polarization of the input signal light concerned into 
the linearly polarized wave of the include angle of arbitration, A polarization extract means to extract 
one [ at least ] polarization component of the two components which intersect perpendicularly mutually 
from the output light of the polarization inverter concerned, It is characterized by consisting of a signal 
\ extract means to extract a predetermined component signal from the output light of the polarization 

extract means concerned, and a control means which controls the polarization inverter concerned 
according to the output of the signal extract means concerned so that the output of the signal extract 
means concerned becomes larger. 

[0016] By this configuration, automatic adaptation is carried out and the polarization condition of input 
signal light can be compensated with this invention for the polarization mode dispersion of input signal 
light. 
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[0017] A signal extract means extracts the signal of the predetermined component concerned from the 
output of the photo detector which changes the output light of one polarization of the polarization 
extract means concerned into an electrical signal, and the photo detector concerned preferably, and 
consists of a signal extractor supplied to the control means concerned. A signal extractor is the electrical 
filter which extracts the clock component reinforcement of the input signal light concerned, or an 
electrical filter which extracts the average light reinforcement of the input signal light concerned. 
Thereby, the polarization mode dispersion of input signal light can be compensated with an easy 
configuration. 

[0018] The 1st photo detector which a signal extract means is desirable and changes the output light of 
one polarization of the polarization extract means concerned into an electrical signal, The 1st signal 
extractor which extracts the signal of the predetermined component concerned from the output of the 1st 
photo detector concerned, The 2nd photo detector which changes the output light of the polarization of 
another side of the polarization extract means concerned into an electrical signal, The 2nd signal 
extractor which extracts the signal of the predetermined component concerned from the output of the 
2nd photo detector concerned, It consists of a comparison means to measure the output of the 1st and 
2nd signal extractors concerned, and a switch which chooses one output of the 1st and 2nd signal 
extractors concerned, and is supplied to the control means concerned according to the comparison result 
of the comparison means concerned. This compensator possesses a signal selection means to choose 
further the signal conveyed by one polarization of the polarization extract means concerned according to 
the comparison result concerned of the comparison means concerned. The 1st and 2nd signal extractors 
concerned are the electrical filter which extracts the clock component reinforcement of the input signal 
light concerned, or an electrical filter which extracts the average light reinforcement of the input signal 
light concerned, respectively. Thereby, even if conversion of a main shaft occurs, the polarization mode 
dispersion of input signal light can be compensated continuously convenient. 

[0019] A polarization inverter consists of equipment which rotates the polarization of the input signal 
light concerned by Faraday rotation. A polarization inverter consists of a wavelength plate which moves 
preferably the output light of the 1st polarization converter which moves polarization for the input signal 
light concerned along the latitude on the Poincare sphere by Faraday rotation, and the 1st polarization 
converter concerned onto the equator of the Poincare sphere concerned, and the 2nd polarization 
converter which moves the polarization of the output light of the wavelength plate concerned along the 
equator top of the Poincare sphere concerned. The 1st and 2nd polarization transducers concerned 
consist of a magnet which impresses the steady field of the strength which carries out magnetic 
saturation of the Faraday cell concerned of the direction which intersects perpendicularly in the direction 
of an optical axis of the Faraday cell concerned to a Faraday cell and a magnetic generating means for 
the drive current to have been followed from the control means concerned and to impress the field of the 
direction of an optical axis of the Faraday cell concerned to the Faraday cell concerned to the Faraday 
cell concerned, respectively. Thereby, since polarization is convertible without moving-part material, the 
high dependability over a long period of time is securable. Moreover, a high-speed response is attained. 
[0020] The optical separator which the polarization mode dispersion compensator concerning this 
invention is equipment with which the polarization mode dispersion of input signal light is compensated 
again, and divides the input signal light concerned into two, The 1st polarization inverter which changes 
the polarization of one output light of the optical separator concerned into the linearly polarized wave of 
the include angle of arbitration, The 1st polarization extractor which extracts a predetermined 
polarization component from the output light of the 1st polarization inverter concerned, And the 1st 
^ distributed compensator possessing the 1st control means which controls polarization conversion of the 

1 st polarization inverter concerned so that the output light reinforcement of the 1st polarization extractor 
concerned becomes larger, The 2nd polarization inverter which changes the polarization of the output 
light of another side of the optical separator concerned into the linearly polarized wave of the include 
angle of arbitration, The control signal over the 2nd polarization extractor which extracts a 
predetermined polarization component from the output light of the 2nd polarization inverter concerned, 
and the 2nd polarization inverter concerned in the condition of having regulated to predetermined 
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regulation value within the limits The 2nd distributed compensator possessing the 2nd control means 
which controls polarization conversion of the 2nd polarization inverter concerned so that the output light 
reinforcement of the 2nd polarization extractor concerned becomes larger, One output of the 1st and 2nd 
. distributed compensators concerned can be chosen freely. At the beginning The control state of the 
signal selecting switch which chooses the output of the 1st distributed compensator concerned, and the 
1st and 2nd polarization inverters concerned by the 1st and 2nd control means concerned is supervised. 
It is the switch control means which controls the signal selecting switch concerned in the 1st and 2nd 
control means lists concerned according to the monitor result. When the control signal over the 1st 
wavelength inverter concerned of the 1st control means concerned exceeds the regulation value, while 
making the output of the 2nd distributed compensator concerned choose it as the signal selecting switch 
concerned It is characterized by providing the switch control means which makes the 2nd control means 
concerned control polarization conversion of the 2nd polarization inverter concerned regardless of the 
regulation value of the control signal over the 2nd polarization inverter concerned so that the output 
light of the 2nd polarization extractor concerned becomes larger. 

[0021] By this configuration, it is adapted for the polarization condition of input signal light, and that 
polarization mode dispersion can be compensated. Moreover, when the polarization of an optical 
transmission line changes so that it turns around the Poincare sphere 1 round or more, it can prevent 
continuing supplying an excessive control signal to a polarization converter, and that it is dependent on 
the distributed compensation condition in an excessive control signal by switching to the 2nd distributed 
compensator immediately. Thereby, high dependability is securable. 

[0022] Regardless of the regulation value of the control signal over the 2nd polarization inverter 
concerned, preferably a switch control means to the 2nd control means concerned When making 
polarization conversion of the 2nd polarization inverter concerned control so that the output light of the 
2nd polarization extractor concerned becomes larger, the control signal over the 1st polarization inverter 
concerned in the condition of having regulated at predetermined regulation value within the limits, to the 
1st control means concerned Polarization conversion of the 1st polarization inverter concerned is made 
to control so that the output light of the 1st polarization extractor concerned becomes larger. When a 
superfluous control signal comes to be supplied to the 2nd distributed compensator by this, it becomes 
possible immediately to change to the 1st distributed compensator again, and distributed compensation 
stabilized at the long period of time can be acquired continuously. 

[0023] The 1st and 2nd control means control polarization conversion of the 1st and 2nd polarization 
inverters concerned, respectively so that the predetermined component signal acquired from the 
predetermined polarization component concerned extracted-by the 1st and 2nd polarization extractors 
concerned becomes large. The predetermined component signal concerned is a signal which shows the 
clock component reinforcement of the input signal light concerned, for example. 
[0024] The 1 st photo detector from which the 1st control means changes into an electrical signal 
preferably the output light of one polarization of the two cross polarization components outputted from 
the 1st polarization extractor concerned further, The 1st signal extractor which extracts the 
predetermined component signal concerned from the output of the 1st photo detector concerned, The 
2nd photo detector which changes into an electrical signal the output light of the polarization of another 
side outputted from the 1st polarization extractor concerned, The 2nd signal extractor which extracts the 
predetermined component signal concerned from the output of the 2nd photo detector concerned, The 
1st comparison means which measures the output of the 1st and 2nd signal extractors concerned, 
According to the comparison result of the 1st comparison means concerned, the 1st selector which 
k chooses one output of the 1st and 2nd signal extractors concerned is provided, and polarization 

conversion of the 1st polarization inverter concerned is controlled so that the output of the 1st selector 
concerned becomes large. The 3rd photo detector from which the 2nd control means concerned changes 
into an electrical signal further the output light of one polarization of the two cross polarization 
components outputted from the 2nd polarization extractor concerned, The 3rd signal extractor which 
extracts the predetermined component signal concerned from the output of the 3rd photo detector 
concerned, The 4th photo detector which changes into an electrical signal the output light of the 
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polarization of another side outputted from the 2nd polarization extractor concerned, The 4th signal 
extractor which extracts the predetermined component signal concerned from the output of the 4th photo 
detector concerned, The 2nd comparison means which measures the output of the 3rd and 4th signal 
extractors concerned, According to the comparison result of the 2nd comparison means concerned, the 
2nd selector which chooses one output of the 3rd and 4th signal extractors concerned is provided, and 
polarization conversion of the 2nd polarization inverter concerned is controlled so that the output of the 
2nd selector concerned becomes large. And the 1st distributed compensator concerned follows the 
comparison result concerned of the 1st comparison means concerned further. The 1st signal selector 
which chooses the signal conveyed by one polarization of the 1st polarization extractor concerned is 
provided. The 2nd distributed compensator concerned further by this possessing the 2nd signal selector 
which chooses the signal conveyed by one polarization of the 2nd polarization extractor concerned 
according to the comparison result concerned of the 2nd comparison means concerned According to it, 
compensating polarization mode dispersion, even if exchange of a main shaft arises can be continued 
convenient. 

[0025] Preferably, the 1st and 2nd polarization inverters consist of equipment which rotates the 
polarization of input light by Faraday rotation. More specifically, the 1st and 2nd polarization inverters 
concerned consist of a wavelength plate which moves the output light of the 1st polarization converter 
which moves polarization for the input signal light concerned along the latitude on the Poincare sphere 
by Faraday rotation, and the 1st polarization converter concerned onto the equator of the Poincare sphere 
concerned, and the 2nd polarization converter which moves the polarization of the output light of the 
wavelength plate concerned along the equator top of the Poincare sphere concerned, respectively. The 
1st and 2nd polarization transducers consist of a magnet which impresses the steady field of the strength 
which carries out magnetic saturation of the Faraday cell concerned of the direction which intersects 
perpendicularly in the direction of an optical axis of the Faraday cell concerned to a Faraday cell and a 
magnetic generating means for the drive current to have been followed from the control means 
concerned and to impress the field of the direction of an optical axis of the Faraday cell concerned to the 
Faraday cell concerned to the Faraday cell concerned, respectively. Thereby, since polarization is 
convertible without moving-part material, the high dependability over a long period of time is securable. 
Moreover, a high-speed response is attained. 
[0026] 

[Example] Hereafter, the example of this invention is explained to a detail with reference to a drawing. 
[0027] Drawing 1 shows the outline configuration block Fig. of the 1st example of this invention. The 
configuration and actuation of an example which are shown in drawing 1 are explained. The signal light 
from an optical transmission line is inputted into an optical fiber 10, spreads an optical fiber 10 and 
inputs it into the polarization inverter 12. The polarization inverter 12 is equipment changed into the 
linearly polarized wave of the include angle of a request of the input light of the polarization of 
arbitration, and specifically consists of a configuration indicated by drawing 4 (or drawing 15 of U.S. 
Pat. No. 5,739,943) of JP,9-61772,A, and the written contents of this official report are adopted in this 
specification. The detailed configuration and actuation of the polarization inverter 12 are mentioned 
later. 

[0028] The signal light changed into the linearly polarized wave by the polarization inverter 12 spreads 
an optical fiber 14, and inputs it into a polarization beam splitter 16. A polarization beam splitter 16 
separates the light from an optical fiber 14 spectrally into two polarization components (for example, TE 
and TM) which intersect perpendicularly, and, on the other hand (for example, TE component), outputs 
it to an optical fiber 18. In this example, a polarization beam splitter 16 functions as a polarizer which 
extracts the polarization component of the specific direction. 

[0029] Although incidence of most light which spreads an optical fiber 18 is carried out to the photo 
detector 20 for signal reception, it is separated spectrally by the optical coupler 22 and incidence of the 
remainder is carried out to a photo detector 24. A band pass filter (BPF) 26 extracts the clock component 
of a signal from the output of a photo detector 24. For example, when the signal light inputted from an 
optical transmission line is modulated by 10 Gb/s, the passage center frequency of BPF26 is set to 
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10GHz. So to speak, the output of BPF26 reflects the signal spectrum component reinforcement of 
signal light. According to the output of BPF26, a control circuit 28 controls the polarization include 
angle of the output light by the polarization inverter 12 so that the output of BPF26 becomes max. 
[0030] Thereby, the polarization inverter 12 changes the polarization of the signal light from an optical 
transmission line into the linearly polarized wave of an include angle from which the amplitude of signal 
light (TE wave) becomes max on an optical fiber 18. That is, the signal light by which polarization 
mode dispersion was canceled carries out incidence to a photo detector 20. Consequently, the 
polarization mode dispersion on an optical transmission line is canceled completely. And since it can 
follow at sufficient rate also for fluctuation of the polarization mode dispersion on an optical 
transmission line, a digital error can be reduced and the receiving engine performance can be raised 
sharply. 

[003 1] As the control approach of the polarization inverter 12 by the control circuit 28, the various 
methods of searching for maximum can be used. For example, by the 1st approach, the control value 
over the polarization inverter 12 is fluctuated slightly, the polarization include angle of the output light 
of the polarization inverter 12 is fluctuated, a control value with the larger output of BPF26 is adopted 
from the comparison of the output of BPF26 before and behind that, and the control action is henceforth 
performed on a target serially. By the 2nd approach, after determining the direction where the output of 
BPF26 becomes large as a result of first stage-actuation of somethings according to the 1st approach, a 
control value is serially changed in the direction to a target until the output of BPF26 changes to 
reduction. Furthermore, the approach of incorporating collectively the output of BPF26 to the control 
value of each point classified roughly within controllable limits, and searching serially the range where 
the output of BPF26 becomes max on a target from the result may be used. Combination is suitably 
possible for these approaches. 

[0032] What is necessary is just to make it impress the output of a photo detector 20 also to BPF26, if 
the same photo-electric-conversion engine performance is sufficient as a photo detector 20 and a photo 
detector 24. In that case, an optical coupler 22 and a photo detector 24 are omissible. 
[0033] The configuration and actuation of the polarization inverter 12 are explained briefly. Drawing 2 
shows the perspective view of the polarization inverter 12. Outgoing radiation light of an optical fiber 10 
is made a collimated beam by the collimator lens 30, and carries out incidence to the 1st polarization 
converter 32. The 1st polarization converter 32 moves the polarization of incident light on the same 
parallel from the condition of arbitration. The output light of the 1st polarization converter 32 penetrates 
the quarter-wave length plate 34, and it carries out incidence to the 2nd polarization converter 36. The 
quarter-wave length plate 34 moves polarization on the equator, when 90 degrees rotates focusing on the 
line which connects the point which shows a perpendicular linearly polarized wave, and the point which 
shows a level linearly polarized wave on the Poincare sphere. The 2nd polarization converter 36 is 
convertible for the include angle of a request of polarization on the equator. It is condensed with a 
condenser lens 38 and incidence of the output light of the 2nd polarization transducer 36 is carried out to 
an optical fiber 14. 

[0034] The polarization converter 32 consists of the following configurations. Faraday rotator 40 is 
arranged on the optical axis. Faraday rotator 40 consists of garnet film in which the Faraday effect is 
shown. Around Faraday rotator 40, the coil 42 is arranged so that a field may be impressed in the 
direction of an optical axis to Faraday rotator 40. By adjusting the current passed in a coil 42, the 
reinforcement of the impression field of the direction of an optical axis can be adjusted. Magnets 44 and 
46 are arranged so that the fixed field of the direction of a coil 42 which intersected perpendicularly with 
the optical axis to Faraday rotator 40 outside further may be impressed. The field to which magnets 44 
and 46 impress Faraday rotator 40 is set up so strongly that magnetic saturation of Faraday rotator 40 is 
carried out. 

[0035] The polarization converter 36 consists of the same configuration as the polarization converter 36. 
That is, the polarization transducer 36 is arranged around Faraday rotator 50 arranged on an optical axis, 
and Faraday rotator 50, is arranged on the outside of the coil 52 which impresses a field in the direction 
of an optical axis to Faraday rotator 50, and a coil 52, and consists of magnets 54 and 56 which impress 
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the steady field of the direction which intersected perpendicularly with the optical axis to Faraday 
rotator 50. 

[0036] Although indicated by the above-mentioned official report for details, by the polarization 
converters 32 and 36, the direction of the synthetic field impressed to Faraday rotators 40 and 50 can be 
changed from plus to minus by the thing for which the current impressed to coils 42 and 52 is changed 
in the range of +1 to -I and which adjust. Thereby, the polarization converters 32 and 36 can change 
polarization in the direction of a parallel on the Poincare sphere, respectively. 

[0037] Theoretically, the polarization converter 32 changes the incident light of the polarization of the 
arbitration which it is in any of rotation polarization, a linearly polarized wave, and an elliptically 
polarized wave into a perpendicular direction and the elliptically polarized wave which has a shaft 
horizontally. A wavelength plate 34 changes the elliptically polarized wave of the output light of the 
polarization converter 32 into a linearly polarized wave. And the polarization converter 36 changes into 
the linearly polarized wave of a desired include angle the linearly polarized wave obtained by the 
wavelength plate 34. 

[0038] Drawing 3 is the mimetic diagram showing the situation of the polarization conversion by the 
polarization inverter 12 on the Poincare sphere. In the north pole and 62, the south pole and 63 show a 
vertical linearly polarized wave and a linearly polarized wave with 64 [ horizontal / the meridian and 
65 ], and 66 shows [ 60 ] the equator, respectively. The polarization of the incident light (Hikaru Idei of 
an optical fiber 10) of the polarization inverter 12 presupposes that it is in the location shown with a sign 
68. The 1st polarization converter 32 rotates [ include angle / appointed ] the polarization (68 of drawing 
3 ) of incident light on the same parallel. Here, the 1st polarization converter 32 presupposes for 
convenience that polarization was moved to the location 70 of the meridian 64. The quarter-wave length 
plate 34 rotates 90 degrees of polarization of a location 70 focusing on the line which connects the point 
63 of a vertically polarized wave, and the point 65 of a horizontally polarized wave, and is moved to the 
location 72 on the equator 66. And the 2nd polarization converter 36 can move only a desired include 
angle on the equator 66, for example, moves the polarization of the location 72 on the equator 66 to a 
location 74. That is, polarization moves to a location 72 through locations 70 and 72 from a location 68. 
Thus, the polarization inverter 12 of this example can change the light of a desired polarization 
condition into the linearly polarized wave of the include angle of arbitration. 

[0039] Since the speed of response of the polarization conversion by the electromagnet which consists 
of Faraday rotators 40 and 50 and coils 42 and 52 is about 100kHz, it can fully catch up also with 
change of a polarization-like bear quicker than 10 mses. 

[0040] Although the polarization inverter 12 was controlled by the above-mentioned example so that 
only a predetermined shaft-orientations component was detected among the linearly polarized waves of 
the output light of the polarization inverter 12 and it became max Detect the optical reinforcement (or 
amplitude of a clock component) of both direction components which intersect perpendicularly with the 
predetermined direction component of the linearly polarized waves of the output light of polarization 
return equipment 12, and this, and both are compared. The polarization inverter 12 may be controlled so 
that the predetermined direction component becomes always strong rather than the direction component 
which intersects perpendicularly with this. 

[0041] Although BPF26 extracted the clock component of a signal, you may make it extract the data 
component of the inside from a frequency higher than a direct current to the frequency near [ which 
exceeds the frequency of a clock component ] the clock component in the above-mentioned example. 
However, a noise increases and it is easy to become unstable. For example, it is good also considering 
► the passage center frequency of BPE26 as 5 GHz. 

[0042] In this example, since it can constitute without moving part, high dependability is securable over 
a long period of time. Moreover, since the response is early, fluctuation of the transmission condition in 
an optical transmission line can also fully be followed, high effectiveness is acquired practically, and a 
receiving property can be improved sharply. 

[0043] The polarization inverter 12 can change the polarization condition of the arbitration on the 
Poincare sphere into the polarization condition of arbitration. However, the current which can be passed 
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to Faraday rotators 40 and 50 is limited. Therefore, it may also become becoming limited [ the rotation 
of polarization ], and the current which will be passed in coils 42 and 52 if it uses to the transmission 
system in the condition that it turns around a Poincare sphere top numbers of rounds increasing, and 
exceeding limiting value. When the current passed in coils 42 and 52 exceeds limiting value, 
polarization conversion becomes impossible and it becomes impossible to compensate polarization 
mode dispersion. 

[0044] Drawing 4 shows the outline configuration block Fig. of the 2nd example of this invention 
applicable also to an optical transmission system in which polarization is changed so that it may turn 
around a Poincare sphere top numbers of rounds. 

[0045] The configuration and actuation of an example which are shown in drawing 4 are explained. The 
signal light from an optical transmission line is inputted into the 3dB optical coupler 112 from input port 
1 10, and is divided into two lines here. Two signal light divided with the 3dB optical coupler 1 12 
transmits optical fibers 1 14a and 1 14b, and they carry out incidence to the polarization inverters 1 16a 
and 1 16b, respectively. The polarization inverters 1 16a and 1 16b consist of the completely same 
configuration as the polarization inverter 12, and change the polarization of incident light into the 
linearly polarized wave of a desired include angle. 

[0046] The signal light changed into the linearly polarized wave by the polarization inverters 1 16a and 
1 16b spreads optical fibers 1 18a and 1 18b, and inputs them into polarization beam splitters 120a and 
120b. Polarization beam splitters 120a and 120b separate spectrally the light from optical fibers 1 18a 
and 1 18b into two polarization components (for example, TE and TM) which intersect perpendicularly, 
and, on the other hand (for example, TE component), output it to optical fibers 122a and 122b. It 
functions as a polarizer with which, as for polarization beam splitters 120a and 120b, this example also 
extracts the polarization component of the specific direction. 

[0047] Most light which spreads optical fibers 122a and 122b is inputted into two input port of an 
optical switch 124, respectively. An optical switch 124 chooses one input light of two input port, and 
supplies it to the photo detector 126 for signal reception. Input light is changed into an electrical signal 
and a photo detector 126 supplies it to the reception system which is not illustrated. 
[0048] It is separated spectrally by optical couplers 128a and 128b, and incidence of the remainder of 
the light which spreads optical fibers 122a and 122b is carried out to photo detectors 130a and 130b. 
BPF(s) 132a and 132b extract the clock component of a signal from the output of photo detectors 130a 
and 130b like BPF26. According to the output of BPF(s) 132a and 132b, control circuits 134a and 134b 
control the polarization include angle of the output light by the polarization inverters 1 16a and 1 16b, 
respectively so that the output of BPF(s) 132a and 132b becomes max. 

[0049] This example possesses two compensation systems called the polarization mode dispersion 
compensation system which consists of the polarization mode dispersion compensation system which 
consists of polarization inverter 1 16a, photo detector 130a, BPF132a, and control circuit 134a, 
polarization inverter 1 16b, photo detector 130b, BPF132b, and control circuit 134b. The two 
compensation systems operate like the example shown in drawing 1 mutually-independent, and 
compensate the polarization mode dispersion of input light. An optical switch 124 chooses one side of 
the polarization mode dispersion compensation result of two networks, and supplies a photo detector 
126. 

[0050] As for an optical switch 124, consisting of a component which does not have a polarization 
dependency is desirable. For example, an optical switch 124 consists of structure which inserted 1/2 
wavelength plate in the middle of the directional coupler which consists of lithium-niobate waveguide. 
[005 1] Control circuits 134a and 134b rather than control of the drive current of the polarization 
inverters 1 16a and 1 16b according to the output of BPF(s) 132a and 132b The mode of operation which 
gives priority to regulation of a drive current which the drive current of the polarization inverters 1 16a 
and 1 16b does not carry out 1 round or more on the Poincare sphere (regulation priority mode), The 
mode of operation (flattery priority mode) which gives priority to control of the drive current of the 
polarization inverters 1 16a and 1 16b according to the output of BPF(s) 132a and 132b over regulation of 
a drive current is provided. If the drive current to the polarization inverters 1 16a and 1 16b exceeds a 
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regulation value, control circuits 134a and 134b will carry out the restart of the drive current from 0 (or 
it is the current of regulation value within the limits, and the about the same [ on the Poincare sphere ] 
current corresponding to a phase location), and will control the drive current of the polarization inverters 
1 16a and 1 16b by the regulation priority mode in the direction in which the output of BPF(s) 132a and 
132b becomes large. On the other hand, in a flattery priority mode, control circuits 134a and 134b notify 
the purport that the drive current exceeded the regulation value to the switch control circuit 136 while 
continuing controlling the drive current of the polarization inverters 1 16a and 1 16b in the direction in 
which the output of BPF(s) 132a and 132b becomes large as it is, even if the drive current to the 
polarization inverters 1 16a and 1 16b exceeds a regulation value. 

[0052] The switch control circuit 136 controls the change of an optical switch 124 while controlling the 
mode of operation of control circuits 134a and 134b. The switch control circuit 136 makes the input 
light from optical fiber 122a (or 122b) specifically choose to an optical switch 124 while it operates one 
control circuit 134a (or 134b) by the flattery priority mode and operates control circuit 134b (or 134a) of 
another side by the regulation priority mode as initial setting. Control circuit 134a (or this 134b) the 
drive current of polarization inverter 1 16a (or 1 16b) It controls so that it is not concerned with the 
regulation value but the output of BPF132a (or 132b) becomes large. Control circuit 134b (or this 134a) 
Although the drive current of polarization inverter 1 16b (or 1 16a) is controlled so that the output of 
BPF132b (or 132a) becomes large, a drive current regulates in the range which does not exceed the 
regulation value. Since an optical switch 124 chooses the input light from optical fiber 122a, the signal 
light compensated with polarization inverter 1 16a (or 1 16b) for polarization mode dispersion carries out 
incidence to a photo detector 126. 

[0053] When the signal which shows the purport that the drive current exceeded the regulation value is 
received from control circuit 134a (or 134b), while the switch control circuit 136 makes the input light 
from optical fiber 122b (or 122a) choose it as an optical switch 124 Control circuit 134b (or 134a) is 
operated by the flattery priority mode, and it is made to operate by the regulation priority mode, after 
initializing control circuit 134a (or 134b) (for example, the drive current to output 0 reset). 
[0054] thus - since the reserve network which gives priority to regulating a drive current in a regulation 
value, and compensates the polarization mode dispersion of input signal light with this example is 
prepared — present — even if a drive current exceeds a regulation value in the network of business, it 
switching to a reserve network immediately and supplying the signal light compensated for polarization 
mode dispersion to a photo detector 126 can be continued convenient Thereby, nothing, the loss by the 
change of a compensation network can also reduce a digital error, and can raise the receiving engine 
performance sharply. Although when it is will lapse into compensation impossible if it continues 
controlling in the direction in which the output of BPF(s) 132a and 132b becomes large even if the drive 
current of the polarization inverters 1 16a and 1 16b exceeds a regulation value, in this example, such evil 
is completely cancelable. 

[0055] An optical switch 124 consists of an optical switch which put in and formed 1/2 wavelength plate 
into-less polarization in the middle of the directional coupler which consists of lithium-niobate 
waveguide in this example. It is because a very high extinction ratio is required of an optical switch 124 
in order to reduce the coherent cross talk between the transmission-signal light which has passed along 
two paths. 

[0056] However, between polarization beam splitter 120a and optical switches 124 and between 
polarization beam splitter 120b and optical switches 124 are constituted from a polarization maintenance 
system, and if the direction of polarization of the light which carries out incidence to an optical switch 
124 is made to intersect perpendicularly mutually, a coherent cross talk will not arise. In this case, the 
optical switch of lithium-niobate waveguide with a low extinction ratio is sufficient as an optical switch 
124. 

[0057] Thus, the example shown in drawing 4 is applicable also to the optical transmission system 
which polarization mode dispersion which turns around a Poincare sphere top numbers of rounds 
produces. 

[0058] You may make it BPF(s) 132a and 132b extract the data component of the inside from a 
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frequency higher than a direct current to the frequency near [ which exceeds the frequency of a clock 
component ] the clock component like the case of BPF26. However, a noise increases and it is easy to 
become unstable. 

[0059] Drawing 5 shows the outline configuration block Fig. of the 3rd example of this invention. Since 
only the polarization component of the predetermined direction (main shaft) is extracted by polarization 
beam splitters 16,120a and 120b, when polarization fluctuation to which the polarization component of a 
main shaft becomes small, and the polarization component which intersects perpendicularly with a main 
shaft becomes large arises in an optical transmission line, it may be able to stop being able to 
compensate polarization mode dispersion with the example shown in drawing 1 and drawing 4 
temporarily. The example shown in drawing 5 can also cope with such a situation. 
[0060] The configuration and actuation of an example which are shown in drawing 5 are explained. The 
signal light from an optical transmission line is inputted into an optical fiber 212 from input port 210, 
spreads an optical fiber 212 and inputs it into the polarization inverter 214. The polarization inverter 214 
consists of the completely same configuration as the polarization inverter 12, and changes the input light 
of the polarization of arbitration into the linearly polarized wave of a desired include angle. The signal 
light changed into the linearly polarized wave by the polarization inverter 214 spreads an optical fiber 
216, and inputs it into a polarization beam splitter 218. A polarization beam splitter 218 separates the 
light from an optical fiber 216 spectrally into two polarization components (for example, TE and TM) 
which intersect perpendicularly, and, on the other hand (for example, TE component), outputs another 
side (for example, TM component) to an optical fiber 220 at an optical fiber 222. 
[0061] Although incidence of most light which spreads an optical fiber 220 is carried out to the photo 
detector 226 for signal reception through an optical switch 224, it is separated spectrally by the optical 
coupler 228 and incidence of the remainder is carried out to a photo detector 230. BPF232 extracts the 
clock component of a signal from the output of a photo detector 230 like BPF26. 

[0062] Although similarly incidence of most light which spreads an optical fiber 222 is carried out to the 
photo detector 226 for signal reception through an optical switch 224, it is separated spectrally by the 
optical coupler 234 and incidence of the remainder is carried out to a photo detector 236. BPF238 
extracts the clock component of a signal from the output of a photo detector 236 like BPF232. 
[0063] A comparator circuit 240 measures the output of BPF232,238, and by the comparison result, it 
changes the polarization control by the output of BPF232, and the polarization control by the output of 
BPF238 so that it may mention later. The output of BPF232,238 is impressed to the selection contacts 
242a and 242b of a switch 242 again, respectively. Contact common 242c of a switch 242 is connected 
to the input of a control circuit 244. a switch 242 - the comparison result of a comparator circuit 240 — 
following - BPF232 - or said - the output of 238 is chosen and it is impressed by the control circuit 
244. 

[0064] A control circuit 244 generates the drive current over the polarization inverter 214 with which the 
signal level becomes max according to the signal from contact common 242c of a switch 242, and 
impresses it to the polarization inverter 214. the change of the switch 242 according [ a control circuit 
244 ] to a comparator circuit 240 again - following BPF232 - or said - the control action which 
makes the output of 238 max is reset. It is because the continuity of the control action of a control circuit 
244 is severed by the change of a switch 242. When the drive current value over the polarization inverter 
214 is continuously controllable also by the change of a switch 242, reset of such control action is 
unnecessary. 

[0065] Generally, a comparator circuit 240 measures the output of BPF232,238, and changes the switch 
N 242 optical switch 224 according to the size. That is, a comparator circuit 240 makes the output of 

BPF232 choose it as a switch 242, and when the output of BPF238 is larger than the output of BPF232, 
it makes the output of BPF238 choose it as a switch 242 conversely, when the output of BPF232 is 
larger than the output of BPF238. 

[0066] A hysteresis characteristic may be given to the change to the polarization control by the output of 
BPF232, and the polarization control by the output of BPF238, then it can prevent that a switch 242 
changes frequently. For example, the output of BPF232 is made to choose it as a switch 242, when 
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changing relatively [ direction / which becomes larger than the output of the condition that the output of 
BPF232 is smaller than the output of BPF238 to BPF238 ] and, as for a comparator circuit 240, the 
output of BPF232 becomes large beyond a predetermined value from the output of BPF238. A 
comparator circuit 240 makes the output of BPF238 choose it as a switch 242, when change of the 
output of BPF232,238 has a reverse relation, when the output of BPF238 becomes large beyond a 
predetermined value from the output of BPF232. 

[0067] A comparator circuit 240 changes an optical switch 224 again synchronizing with the change of a 
switch 242. That is, a comparator circuit 240 makes the input light from an optical fiber 220 choose it as 
an optical switch 224, when making the output of BPF232 choose it as a switch 242, and when making 
the output of BPF238 choose it as a switch 242, it makes the input light from an optical fiber 222 choose 
it as an optical switch 224 conversely. 

[0068] An optical switch 224 consists of an optical switch [-izing/ inserting 1/2 wavelength plate in the 
middle of the directional coupler of lithium-niobate waveguide / an optical switch / no polarizing ]. 
However, if two light which uses an optical fiber 220,222 as a polarization maintenance fiber, and 
carries out incidence to an optical switch 224 like a previous example is made to intersect 
perpendicularly mutually, a coherent cross talk will not arise. In this case, the optical switch of the low 
lithium-niobate waveguide of an extinction ratio is sufficient as an optical switch 224. 
[0069] In the example shown in drawing 5 , even if the situation where the condition of an optical 
transmission line changes, the signal of the direction which was being used as the main shaft becomes 
small, and the polarization component which intersects perpendicularly in the direction of a main shaft 
becomes large arises, the new direction component of a main shaft is followed, and polarization mode 
dispersion compensation can be continued. That is, even if a main shaft takes the place, compensation of 
polarization mode dispersion is continuable convenient. 

[0070] You may make it BPF232,238 extract the data component of the inside from a frequency higher 
than a direct current to the frequency near [ which exceeds the frequency of a clock component ] the 
clock component also in the example shown in drawing 5 . However, a noise increases and it is easy to 
become unstable. For example, it is good also considering the passage center frequency of BPF232,238 
as 5GHz. 

[0071] Drawing 6 shows the outline configuration block Fig. of the example which coalesced the 
example shown in drawing 4 , and the example shown in drawing 5 . This example possesses two 
polarization mode dispersion compensation systems A and B which consist of the same configurations 
fundamentally like the example shown in drawing 4 , and each compensation systems A and B 
investigate level like the example-shown in drawing 5 for both components of the direction which 
intersects perpendicularly in the component of the direction of a main shaft, and the direction of a main 
shaft, and compensate polarization mode dispersion with a component with larger level. Thus, it can 
apply as it is to both an optical transmission system and an optical transmission system which a main 
shaft changes so that the polarization of transmission-signal light may turn around a Poincare sphere top 
numbers of rounds, and polarization, mode dispersion can be compensated with constituting convenient. 
[0072] The configuration and actuation of an example which are shown in drawing 6 are explained. The 
signal light from an optical transmission line is inputted into the 3dB optical coupler 312 from input port 
310, and is divided into A and B two lines here. Two signal light divided with the 3dB optical coupler 
312 transmits optical fibers 3 14a and 3 14b, and they carry out incidence to the polarization inverters 
316a and 316b, respectively. The polarization inverters 316a and 316b consist of the completely same 
configuration as the polarization inverters 12,1 16a and 1 16b, and change the polarization of incident 
light into the linearly polarized wave of a desired include angle. 

[0073] The signal light changed into the linearly polarized wave by polarization inverter 3 16a spreads 
optical fiber 3 18a, and inputs it into polarization beam splitter 320a. Polarization beam splitter 320a 
separates the light from optical fiber 3 18a spectrally into two polarization components (for example, TE 
and TM) which intersect perpendicularly, and, on the other hand (for example, TE component), outputs 
another side (for example, TM component) to optical fiber 322a at optical fiber 324a. 
[0074] Although incidence of most light which spreads optical fiber 322a is carried out to one port of an 
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optical switch 328 through optical switch 326a, it is separated spectrally by optical coupler 330a and 
incidence of the remainder is carried out to photo detector 332a. BPF334a extracts the clock component 
of a signal from the output of photo detector 332a like BPF26,132a. 

[0075] Although similarly incidence of most light which spreads optical fiber 324a is carried out to the 
port of another side of an optical switch 328 through optical switch 326a, it is separated spectrally by 
optical coupler 336a and incidence of the remainder is carried out to photo detector 338a. BPF340a 
extracts the clock component of a signal from the output of photo detector 338a like BPF232,238. 
[0076] Control circuit 342a possesses the comparator circuit 240 of the example shown in drawing 5 , a 
switch 242, and the function of a control circuit 244. Control circuit 342a supplies further the 
information which shows whether it could operate by the flattery priority mode or the regulation priority 
mode, and the drive current over polarization inverter 316a exceeded the regulation value to the switch 
control circuit 344 like control circuits 134a and 134b. 

[0077] As mentioned above, although A configurations and actuation were explained, 'a' added to the 
sign can be considered as explanation of B configurations and actuation by reading it as 'b\ Therefore, 
detailed explanation of B configurations and actuation is omitted. 

[0078] The switch control circuit 344 directs by which it shall operate between a flattery priority mode 
and a regulation priority mode to control circuits 342a and 342b. The switch control circuit 344 operates 
like the switch control circuit 136 to control circuits 342a and 342b and an optical switch 328. That is, in 
choosing A polarization mode dispersion compensation results with an optical switch 328, the signal 
light from optical switch 326a is made to choose it as an optical switch 328, control circuit 342a is 
operated by the flattery priority mode, and it operates control circuit 342b by the regulation priority 
mode. When the drive current over polarization inverter 316a has taken 1 round or more on the Poincare 
sphere by A lines, the switch control circuit 344 makes the signal light from optical switch 326b choose 
it as an optical switch 328, after initializing control circuit 342a, it is operated by the regulation priority 
mode, and operates control circuit 342b by the flattery priority mode. 

[0079] Incidence of the signal light chosen with the optical switch 328 is carried out to the photo 
detector 346 for receptions. A photo detector 346 outputs the electrical signal with which the amplitude 
changes according to input luminous-intensity change. The output of a photo detector 346 is supplied to 
a reception system. 

[0080] Optical switches 326a, 326b, and 328 consist of an optical switch [-izing / inserting 1/2 
wavelength plate in the middle of the directional coupler of lithium-niobate waveguide / an optical 
switch / no polarizing ]. However, if two light which uses optical fibers 322a, 322b, 324a, and 324b as a 
polarization maintenance fiber, and carries out incidence to optical switches 326a and 326b like a 
previous example is made to intersect perpendicularly mutually, a coherent cross talk will not arise. In 
this case, the optical switch of the low lithium-niobate waveguide of an extinction ratio is sufficient as 
optical switches 326a and 326b. 

[0081] Thus, the example shown in drawing 6 has the advantage of the example shown in the advantage 
and drawing 5 of the example shown in drawing 4 . That is, even if the example shown in drawing 6 can 
also apply an optical transmission system to which polarization turns around a Poincare sphere top 
numbers of rounds and a main shaft changes it, it can continue compensating polarization mode 
dispersion. 

[0082] Although lithium-niobate waveguide was used as optical switches 124,224,326a, 326b, and 328, 
the optical switch which combined two electric absorption mold optical modulators and 3dB coupler 
may be used. 

[0083] Although two polarization mode dispersion compensation results were chosen with the optical 
switch in the example shown in drawing 4 and drawing 6 , it is clear that each two polarization mode 
dispersion compensation results are inputted into a separate photo detector, it changes into an electrical 
signal, and you may make it choose the output of the photo detector with an electric switch. 
[0084] You may make it BPF(s) 334a, 334b, 340a, and 340b extract the data component of the inside 
from a frequency higher than a direct current to the frequency near [ which exceeds the frequency of a 
clock component ] the clock component in the example shown in drawing 6 as well as each previous 
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example. However, a noise increases and it is easy to become unstable. For example, it is good also 
considering the passage center frequency of BPF(s) 334a, 334b, 340a, and 340b as 5GHz. 
[0085] After changing into an electrical signal according to an individual by the photo detector, you may 
make it choose the output of these photo detectors with an electric switch first, although it has changed 
into the electrical signal by the photo detector 126,226,346 in the example shown in drawing 4 , drawing 
5 , and drawing 6 after choosing signal light with an optical switch 124,224,328. Drawing 7 shows the 
outline configuration block Fig. of the example which changed the example shown in drawing 4 such. 
The same sign is given to the same component as drawing 4 . 

[0086] Photo detectors 140a and 140b change the signal light from optical fibers 122a and 122b into an 
electrical signal, and supply the acquired electrical signal to the separate selection contact of an electric 
switch 142, respectively. According to the change control signal from the switch control circuit 136, an 
electric switch 142 chooses the output of photo detector 140a or this 140b, and supplies it to a latter 
reception circuit. 

[0087] As reference was made in relation to the example shown in drawing 1 , Splitters 122a and 122b 
and photo detectors 128a and 128b are omissible with the configuration shown in drawing 7 by 
supplying the output of photo detectors 140a and 140b also to BPF(s) 132a and 132b. To the example 
shown in drawing 5 and drawing 6 , one splitter and photo detector to a polarization component can be 
omitted. 

[0088] In the example shown in drawing 7 , there is an advantage of not needing the high-speed optical 

switch 124,224,328. 

[0089] 

[Effect of the Invention] According to this invention, by using the polarization converter using Faraday 
rotator, change of quick polarization is followed and polarization mode dispersion can be compensated 
so that he can understand easily from the above explanation. By not using mechanical moving parts, it 
can be used over a long period of time, and high dependability can be secured. Furthermore, since the 
amount of polarization mode dispersion compensation can be changed according to the amount of 
polarization mode dispersion of incident light, according to change of the transmission condition of an 
optical transmission line, polarization mode dispersion can be compensated accommodative. 



[Translation done.] 
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